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Abstract. In small Fermi energy metals, disorder can deeply modify superconducting state properties 
leading to a strong suppression of the critical temperature T c . In this paper, we show that also normal 
state properties can be seriously influenced by disorder when the Fermi energy Ef is sufficiently small. 
We calculate the normal state spin susceptibility \ f° r a narrow band electron-phonon coupled metal as a 
function of the non-magnetic impurity scattering rate 7i mp . We find that as soon as 7i mp is comparable to 
Ef, x is strongly reduced with respect to its value in the clean limit. The effects of the electron-phonon 
interaction including the nonadiabatic corrections are discussed. Our results strongly suggest that the recent 
finding on irradiated MgB2 samples can be naturally explained in terms of small Ef values associated with 
the er-bands of the boron plane, sustaining therefore the hypothesis that MgB2 is a nonadiabatic metal. 

PACS. 74.25.-q General properties; correlations between physical properties in normal and superconduct- 
ing states - 71.28.+d Narrow-band systems; intermediate- valence solids - 74.62.Dh Effects of crystal 
defects, doping and substitution 



1 Introduction 

Scattering from weak disorder or diluted non magnetic 
impurities plays a marginal role on many thermodynam- 

■ ics quantities of conventional metals. Most peculiar is the 
absence of any reduction on the critical temperature T c in 
conventional isotropic s-wave superconductors as stated 
by the Anderson's theorem and as confirmed by several 
experimental measurements 

This insensitivity stands out in particular in compari- 
son with d-wave superconductors where the strong aniso- 
tropy of the order parameter leads to a suppression of T c 
Q . In that case for instance the reduction on T c upon dis- 
order can give qualitative information of the microscopic 
characteristic on the pairing (d- vs. s- wave symmetry, 

' local vs. long-ranged interaction, etc . . . ) || . 

A conventional role of nonmagnetic impurities is re- 
cently questioned in some high-T c superconductors, as MgB2 
and fullerene compounds. In these materials a notable re- 
duction of T c upon disorder has been reported in spite of 
the s-wave symmetry of both of them . Quite remark- 
able is also the reduction of the density of states (DOS) 
inferred by NMR measurements of the nuclear spin-lattice 
relaxation rate T\ \YjT\T oc Nq where No is the electronic 
density of states at the Fermi level and T is the temper- 
ature]. In Ref. § a reduction of 62 % of 1/TiT upon 
disorder was reported by n B NMR measurements in con- 
trast with the conventional theory of non magnetic impu- 



rity scattering which would predict no effect of the mag- 
netic susceptibility. An additional puzzling feature is the 
discrepancy between spin-lattice relaxation rate measure- 
ments performed on n B NMR and on 25 Mg. No reduction 
of 1/TiT was indeed observed on magnesium atoms. The 
authors of Ref. [|| speculate this difference could be re- 
lated to the different nature of the electronic states: mag- 
nesium atoms would mainly probe the 7r bands of MgB2 
through the hybridization of B(2p 2 ) orbitals with Mg(s) 
states, while the spin-lattice relaxation rate on the boron 
is expected to be very sensitive to the twodimcnsional a 
bands formed by ~B(2p x 2p y ). 

The evidences of anomalous effects of disorder and non 
magnetic impurities in these systems prompt thus some in- 
triguing open questions: i) which is the origin of the sup- 
pression of T c in s-wave systems as MgB2 and fullerenes? 
ii) which is the origin of the reduction of the density 
of states as probed by spin-lattice relaxation rate 1/TiT 
measurements? Hi) which is the origin of the different be- 
haviour of Mg and B NMR measurements? 

The point (i) was previously addressed in Ref. Jt| in 
the context of a nonadiabatic theory of superconductiv- 
ity g where impurity effects in the nonadiabatic channels 
were shown to suppress T c even for purely isotropic s-wave 
superconductors. In this paper we extent our analysis to 
the spin susceptibility. In particular we show that a pos- 
sible unifying explanation of all this complex anomalous 
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scenario could come from taking into account in a coher- 
ent way the small Fermi energy nature of these materials. 
This is clearly unavoidable in Cqq compounds where the 
narrow bandwidth of the t\ u bands (but also the h u bands 
for hole doped Ceo) results in a Fermi energy Ep ~ 0.25 
eV H . This is also true in MgB2 where the low hole filling 
of the 2D cr bands leads to E% ~ 0.4-0.6 eV These 
values of Ep are at least one order of magnitude less than 
in common metals and in conventional superconductors. 
The discrepancy between Mg and B NMR measurements 
can be thus related to the probing of different bands (ir 
on Mg, a on B), and, in the last analysis, to the different 
magnitude of the Fermi energies (Ep ~ 5 eV ^> Ep). 

On microscopic grounds, small Fermi energy effects arc 
operative as soon as Ep becomes of the same order of 
the other relevant energy scales. For an electron-phonon 
system in the presence of non magnetic impurities as we 
consider here, Ep should be thus compared with the char- 
acteristic phonon energy scale cj p h and with the impu- 
rity scattering rate 7i m p ■ The breakdown of the adiabatic 
hypothesis [Ep 3> c<->ph) in a small Fermi energy system 
implies the onset of new channels of electron-phonon in- 
teraction which need to be taken into account. On the 
other hand the finiteness of the ratio y-an.pl Ep gives rise 
to anomalous impurity effects which have to be analyzed 
in the presence of the same electron-phonon interaction 
since electron, phonon and impurity energy scales could 
be all of the same magnitude: Ep ~ uj p h ~ 7i mp . 



2 The model 



Similar information are obtained by spin-lattice relax- 
ation rate T\ which can be also mainly related, after sub- 
traction of orbital terms, to the electron spin susceptibility 
through the relation: 



1 



lim y^^4 2 (q~ 



x(q,w) 



(2) 



where A(q) is the form factor relative to the particular 
nucleus. As pointed out in the introduction, 1/T\T oc Nq 
in large Fermi energy systems. 

In the following we focus on the static uniform spin sus- 
ceptibility x which permits a more direct comparison with 
the density of states and which is only slightly affected by 
different form factors A(q). As it will be clear in the fol- 
lowing the anomalous effects of non magnetic impurities 
are essentially related to the similar energy scales of 7i mp , 
Ep and uj pn . In this situation impurity scattering leads to 
an effective renormalization of the generalized spin suscep- 
tibility which is expected to appear in similar way both in 
the static uniform limit x an d in the spin-lattice relaxation 
rate. In this perspective the reduction of the magnetic sus- 
ceptibility upon disorder pointed out by NMR technique 
should be read more as an anomalous renormalization ef- 
fect appearing in small Fermi energy system than as a real 
reduction of the density of states. 

In Quantum Field Theory the electron spin susceptibil- 
ity is usually related to the one particle Green's function 
G through the relation: [p~3| 



C(T) = -2/4T £ ]T G(k, «) 2 r(k, n), 



(3) 



In this section, we derive the electron spin susceptibility by 
employing the Baym-Kadanoff technique which permits to 
derive, within a conserving theory, higher order response 
functions as functional derivatives of the single particle 
Green's function in the presence of an external field |Q . 
This approach is thus an appropriate starting point to 
study small Fermi energy systems where the violation of 
the Migdal's theorem valid for E pn ^> w p h requires a gen- 
eralization of the conventional theory in the nonadiabatic 
regime. 

Objects of our investigation is the non magnetic impu- 
rity effects on the spin susceptibility in small Fermi energy 
systems in the presence of a sizable electron-phonon in- 
teraction. NMR techniques can probe the electron density 
of states by means of different ways. Most direct is the 
evaluation of the static uniform limit x of the generalized 
electron spin susceptibility %(q,u;): 



X = lim lim y(q,w) 

q— »0 UJ— >0 



(1) 



which, for a non interacting system with large Fermi en- 
ergy, is simply x oc A*o. Electron-electron exchange in- 
teraction gives rise however to the so called Stoner en- 
hancement: x °c ^o/(l — I) (I being the Stoner factor). 
Experimentally the static uniform limit x of electron spin 
susceptibility can be measured by a proper analysis of the 
Knight shift after the orbital contribution is subtracted. 



where G(k, n) is the electron propagator at finite temper- 
ature expressed in Matsubara frequencies 



G 1 (k, n) = iuj n — e(k) + fj, — S(k, n) 



(4) 



and -T(k, n) is the spin vertex function. The Baym-Kadanoff 
formalism provides a powerful technique to related the 
spin vertex function -T(k, n) to G(k, n). Following the stan- 
dard procedure we generalize the Green's function in Eq. 
(@) in the presence of an external magnetic field h: 

G^ 1 {k,n) = iw n - e(k) + ha - S a (k,n). (5) 

The spin vertex function is thus obtained as functional 
derivative of the Green's function G a in the presence of 
the external magnetic field for h — > 111]: 



r(k,n) = ^5> 



dh 

dS a (k, n 
dh 



h=0 



(6) 



h=0 



The set of Eqs. (^)-@ defines a self-consistent method 
to obtain the spin susceptibility from the knowledge of 
the self-energy. The complex nature of the interactions 
in the systems is thus hidden in the specific form of the 
self-energy which needs to be explicitly provided. 
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Fig. 1. Diagrammatic picture of the electron self-energy. Leg- 
end of the pictorial elements: electrons (solid line), phonons 
(wavy lines), elastic scattering (dotted lines) with dilute 
non magnetic impurities (cross), electron-electron repulsion 
(dashed line). 



In order to investigate the interplay between non mag- 
netic impurities and the electron-phonon interaction in 
small Fermi energy systems an appropriate approach is 
the nonadiabatic theory which accounts for the additional 
interaction channels arising when Ep ~ uj p h. The formal 
derivation of the nonadiabatic theory has been already 
presented in several papers where we refer for more de- 
tails j7|,||,|l4j . Here we focus on the role of non magnetic 
impurities. In the spirit of the Baym-Kadanoff theory our 
starting point will be the self-energy which is diagrammat- 
ically depicted in Fig. [|. The first two diagrams represent 
the electron-phonon interaction in nonadiabatic regime 
(Ep ~ w P h) including the first order vertex processes; the 
third diagram is the self-energy in Born approximation 
for impurities of density n; mp interacting with electrons 
via a scattering potential vi mp . The last diagram is the 
exchange electron-electron interaction: this term is just a 
constant and does not play any role in the self-energy, but 
it gives rise to the Stoner factor in the spin susceptibility. 

Fig. [j] defines in an unambiguous way the self-energy 
and the one particle properties of the system. Standard 
procedure in isotropic materials is to replace the self-en- 
ergy U(k,n) with its Fermi surface average: S(k,n) — > 
S{n) = ((S(k, ti)))fs- It is convenient to take into account 
self-energy effects in the electronic Green's function is to 
introduce the renormalized Matsubara frequencies defined 
as iW n = iio n — S(n). In addition, for sake of simplicity we 
consider a half-filled band with bandwidth E and constant 
density of states N(e) = N [-E/2 < e < E/2]. The 
parameter E/2 represents thus the Fermi energy E-p = 
E/2. Within these assumptions the analytic expression of 
the renormalized Matsubara frequencies W n involving the 
self-energy depicted in Fig. [j] reads: 



W n — u) n — V(n, m) arctan ( 



where 



+27 imp arctan ( — 



V(n, m) = XD(n- m) [1 + XP(Qc; n, m)] 



(7) 



(8) 



is the nonadiabatic electron-phonon kernel appearing in 
the self-energy equation and where we have neglected the 
electron-electron exchange interaction which leads just to 
a constant term. In Eq. (|8|), D(n — m) is the phonon prop- 
agator which for a single Einstein mode w p h = ujq re- 
duces simply to D(n — m) = — LU 2 /\Ujj n — uj m ) 2 + lo 2 } and 
P(Q c ;n,m) is the vertex function |7|JT^|: 

P (Q c ;n,m) = -T^D(n - I) j B{n,m,l) 



+ 



A(n, m, I) - B(n, m, l)(Wi 



{2E F QIY 
R(Qc; n, m, I) — 1 — log 



1 + R(Qc] n, m, I) 



(9) 



where 



A(n, m, I) = (Wi 



arctan 



E F 



arctan 



Wi- 



n+m 



wi 



E F Wi — n+m 



(10) 



B{n,m,l) = (Wi - Wi_ n+m ) 2 2 ^ 

E F 



R(Q c ;n,m,l) = \ 1 



ae f qi 



Wi - Wi. 



■n+m 



(ii) 



(12) 



The dimensionless parameter Q c = q c /2kp, where hp is 
the Fermi momentum, takes into account the upper cut- 
off q c for the momentum transfer in the electron-phonon 
interaction. This cutoff has been introduced to simulate 
a momentum dependent renormalization due to possible 
strong electronic correlations JljJ . For weak correlated met- 
als Q c ~ 1, while Q c <c 1 when correlation is strong. As we 
are going to see, the parameter Q c plays only a marginal 
on the static spin susceptibility, whereas it strongly affects 
the superconducting critical temperature 0]. 

In the formula for W n , Eq. (|7|), 7i m p is the impurity 
scattering rate which in the Born approximation reduces 
to 7i mp = TrriimpNovf |l6| . This expression holds true 
for low values rti mp of impurity concentrations and weak 
scattering potential «i mp . An expression of 7i mp valid also 
for strong, but diluted, impurity interactions is provided 
by the T-matrix approximation: 7i mp = 7TOi mp iVou i 2 m p/[l + 

(TTN V imp ) 2 }. 

Using the Baym-Kadanoff formalism we are able to ob- 
tain also an analytic expression for the spin vertex func- 
tion -T(k, n). The diagrammatic expression of -TYk, n) cor- 
responding to the self-energy depicted in Fig. [fl is shown 
in Fig. ^. In the isotropic case we have considered here we 
can replace also the spin vertex function -T(k, n) with its 
Fermi surface average r(n). The momentum average of 
the spin vertex implies that the momentum correlations 
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Fig. 2. Diagrammatic picture of spin vertex function F. See 
caption of Fig. |l| for a legend of the pictorial elements. 



between spin up electrons and spin down holes are taken 
into account only at a mean level through the parameter 
Q c . This will be a poor approximation when the disper- 
sion of collective modes is investigated, while it is expected 
to not affect in a qualitative way the static uniform spin 
susceptibility. Disregarding the momentum dependence of 
-T(k, n) and we get thus: 



1 



TV[/ + Vr(n,m)] 



2E F 



W 2 



r(m) 



-7i 



2E F 



imp 



r(n), 



(13) 



where the quantity / = NqU is the Stoner factor arising 
from the electron-electron exchange interaction and the 
last term comes from the impurity scattering processes. 
Moreover 

V r (n, m) = XD{n - m) [1 + 2AP(Q C ; n, m)] 

+ X 2 C{Q c ;n,m) (14) 

describes the electron-phonon processes in nonadiabatic 
regime which include electron-phonon vertex P(Q c ;n,m) 
given by Eqs.(p|-|l2]) the and cross diagrams: 

C (Q c ; n, m) = D{n - l)D(l - m) 



x < 2B{n, m, I) + arctan 



\Wi - W n+m -i 
A(n, m, I) - B{n, m, Q(Wj - W n+m _ ; ) 2 
2E F Ql\Wi-W n+m ^\ 



(15) 



where A(n, m, I) and B(n, m, I) are given by equations ( [To| ) 
and (pTTj) , respectively. Note that Vr(n, m) is deeply differ- 
ent from V(n, m) since the first describes electron-phonon 
scattering in the spin electron-hole channel, and the sec- 
ond one the electron-phonon interaction in the single par- 
ticle propagator. 



3 Results and discussion 

Eqs. (0)-(|l5|) can be solved in a self-consistent iterative 
way to obtain W n and r(n). Eq. (^), in its isotropic form: 



2E F 



El 



r(n) 



(16) 



provides finally the spin susceptibility as function of gener- 
ic impurity scattering rate 7i m p, electron-phonon coupling 
constant A, adiabatic ratio ujo/Ef and momentum cut-off 
Q c . Here %p is the free electron Pauli spin susceptibility 
XP = --VjVV,,. 

In order to point out the role of small Fermi energy in 
the impurity scattering effects on the spin susceptibility, 
we consider for the moment the simple case of no electron- 
phonon interaction (A = 0). In this case the only energy 
scales in the system are 7i m p and Ep . From Eq. (fLq) , equa- 
tion (|l^) has thus the simple self-consistent solution as 
function of the spin susceptibility itself: 



r( n ) 



i + Hx/xp) 

2E F 

1 + 7imp7772 



(17) 



W' n + E F 



and the spin susceptibility \ recovers the usual Stoner- like 
expression: 

Xo 



X. 



1 - I(Xo/xp)' 



(18) 



where the bare spin susceptibility xo is now affected by 
the non magnetic impurity scattering: 



Xo 



xp^E 



2E F 



Wl + E 2 F + limp 2E F ' 



(19) 



For large Fermi energy systems, E-p ^ 7imp, equation ( JTgj ) 
reduces to the Pauli spin susceptibility xo = Xp- It 1S 
thus clear the non magnetic impurity effects can appear 
only if the Fermi energy is small enough to be comparable 
with 7i mp . Note that in the presence of electron-phonon 
interaction an additional energy scale is provided by w p h, 
so that additional anomalous impurity effects are ruled by 
the additional parameter 7i mp /iL>ph. 

In Fig. H we plot the behaviour of the static spin sus- 
ceptibility x in a small Fermi energy system (luq/E-p = 
0.7) as function of the impurity scattering rate 7i mp . The 
data are normalized with respect to the "pure" limit 7imp — * 
0. Left panel refer to a weak coupling electron-phonon case 
(A = 0.4), right panel to strong coupling (A = 1.0). In both 
the case a Stoner factor / = 0.4 was considered. Solid 
lines represent the nonadiabatic vertex corrected theory 
with different values of Q c (from the top to the bottom: 
Q c = 0.1,0.3,0.5,0.7,0.9) and the dashed line the non 
crossing approximation where only finite bandwidth ef- 
fects were retained \P(Qc; n, m) = C(Q c ;n,m) — in 
Eqs. (p[)-(p^)]. Fig. g shows a strong reduction of x due 
to the impurities scattering with respect to a large Fermi 
energy case (Ep 3> <-^o, dotted line). We observe only a 
weak dependence on the electron-phonon coupling (right 
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Fig. 3. Spin susceptibility \ as function of the impu- 
rity scattering rate 7i mp in the presence of electron-phonon 
interaction(A = 0.4, left panel; A = 1.0, right panel, 
ujq/Ey = 0.7 and electron-electron exchange repulsion I = 
0.4. Solid lines: nonadiabatic vertex corrected theory with 
different values of Q c (from the top to the bottom: Q c = 
0.1, 0.3, 0.5, 0.7, 0.9); dashed line: non crossing approximation. 
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Fig. 4. Spin susceptibility % as function of the impurity scat- 
tering rate 7i mp for a small Fermi energy {ujq/Ey = 0.7, left 
panel) and for a large Fermi energy system (u>o/Ef =0.1, right 
panel). Solid lines corresponds to different values of A: (from 
bottom to the top) A = 0.2,0.4,0.6,0.8, 1. Other parameters: 
Q c = 0.4 and / = 0.4. Dotted line: infinite Fermi energy case. 



panel data are slightly higher than the left panel), while 
the introduction of the nonadiabatic vertex and cross dia- 
grams essentially leads to a spread of the different curves 
for different values of Q c . 

From this behaviour we can argue that the electron- 
phonon interaction A plays a secondary role in the re- 
duction of x due to impurity scattering. In similar way a 
marginal role is recovered for the electron-electron inter- 
action (Stoner factor /). As matter of facts, the leading 
effects are ruled by the comparison between the energy 
scales 7im P , ujq and E-p. In order to highlight this point we 
compare in Fig. ^ the dependence of the magnetic suscep- 



tibility x on the impurity scattering rate for a small Fermi 
energy (uo^/Ep = 0.7, left panel) and for a large Fermi en- 
ergy system (u>o/Ep =0.1, right panel). Solid lines corre- 
sponds to different values of A (from bottom to the top): 
A = 0.2, 0.4, 0.6, 0.8, 1. Here we set Q c = 0.4 and I = 0.4 
but, as above discussed, different values would not change 
the physics. Note the remarkable difference between left 
and right panel. The same impurity scattering rate, which 
in the presence of a small Fermi energy (u>o/Ep = 0.7) 
would lead to a reduction of x of about 33-47%, gives rise 
only to a 12-14% reduction when Fermi energy is consid- 
erably increased (too/Ep = 0.1), and to no reduction at 
all for the infinite Fermi energy case (dotted line). 

Curiously the presence of the electron-phonon inter- 
action decreases the sensitivity of x to impurity scatter- 
ing rate. This can be understood considering that the the 
electron-phonon scattering reduces by itself the magnetic 
susceptibility x [pr| , so that further reduction by non mag- 
netic impurity scattering is disfavored. For the same rea- 
sons a stronger Stoner factor I would enhance the reduc- 
tion of x- 



4 Disorder and nonmagnetic impurities in real 
materials (MgB 2 , fullerenes, . . . ) 

We are now in the position to re-address the open ques- 
tions arisen in the introduction, concerning namely: the 
origin of the reduction of the density of states as probed 
by NMR susceptibility measurements; the discrepancy be- 
tween the different behaviour of Mg and B NMR measure- 
ments. In particular we suggest that the reduction of the 
spin-lattice relaxation rate 1/T]T upon induced disorder 
could reflect the small Fermi energy nature of the elec- 
tronic structure probed by the experiments. Within this 
context the insensitivity to disorder scattering of the spin- 
lattice relaxation rate 1/TjT probed on 25 Mg in contrast 
to the marked reduction of n B NMR measurements ac- 
quires a natural explanation related to the different Fermi 
energy scales involved in the two cases. 25 Mg NMR mea- 
surements mainly probe the 7r band structures with high 
Fermi energy E-p ~ 5 eV, Using a typical phonon fre- 
quency loq ~ 70 meV |l7j] we estimate uiq/E^ ~ 0.014 
which yields a negligible dependence of the spin suscepti- 
bility on the amount of disorder. On the other hand NMR 
on the n B boron nucleus is strongly coupled with the in- 
plane a orbitals with Fermi energy Ep ~ 0.4 — 0.6 eV. 
The same phonon frequency scale gives thus uiq/E^ ~ 
0.12 — 0.14, where visible impurity scattering effects are 
expected. We conclude that the small Fermi energy of the 
a bands is the major responsible for the reduction of the 
magnetic susceptibility when probed on n B nuclei com- 
pared with NMR measurements on the same quantity on 
25 Mg. 

Note that the usual two band model within the Migdal- 
Eliashberg framework, with different electron-phonon cou- 
pling for a and it bands (A CT ~ 1, A^ ~ 0.2), can not alone 
explain the discrepancy between the reduction rate probed 
by NMR. Indeed: a) electron-phonon interaction does not 
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affect impurity scattering for high Fermi energy systems 
(Ep 3> 7i mp ,u;o); b) the larger electron-phonon coupling 
constant in the a bands would predict a smaller reduction 
rate of \ as compared with the smaller A of the 7r bands. 

The above discussion suggests that the reduction of \ 
upon disorder is a possible tool to point out nonadiabatic 
effects in small Fermi energy materials where luq ~ Ep . In 
this perspective it is interesting to compare the simultane- 
ous reduction of \ and T c as function of the impurity scat- 
tering rate 7i mp . In this way in principle one can trace out 
the effects of non magnetic impurity scattering in small 
Fermi energy systems as functions of physical measurable 
quantities as x an d T c avoiding the use of the unaccessible 
parameter 7i mp . 

A conserving derivation of the superconducting equa- 
tions in a fully consistent way with the evaluation of the 
spin susceptibility follows once again the Baym-Kadanoff 
theory based on Fig. [I] written in Nambu notation. A for- 
mal derivation of those equations and some technicalities 
about the numerical calculations of T c were discussed in 
Ref. J7J where we refer for more details. In Fig. ||a we 
plot x an d T c as functions of 7i m p for / = 0.2 and the 
couples of parameters (A = 1.0, u; /Ep = 0.2), (A = 0.2, 
wo/Ep = 0.02). These cases should be qualitatively rep- 
resentative of the MgB2 a and ir bands which are respec- 
tively: strong coupled with small Fermi energy; and weak 
coupled with large Fermi energy. Note that a significant 
dependence on 7i mp , for both T c and x 1S observed only 
for (A = 1.0, ujq/Ef = 0.2) which represents the case of a 
bands. The T c vs. \ plot is shown in Fig. |5|b for (A = 1.0, 
uj /E f = 0.2, / = 0.2). A reduction of T c of the order 
of 30 — 80% is predicted for a reduction of \ of ~ 20%, 
depending on the parameter Q c . The general trend is thus 
in agreement with the experimental data reported in Ref. 
§■ 

In MgB2, where the electronic correlation is thought 
to be negligible, there is no reason to expect a significant 
momentum selection and Q c is expected to be Q c ~ 1. In 
this situation our analysis would underestimate the sup- 
pression of T c (AT C /T C ~ 30%) and X {^xlx ~ 20%) 
when compared with the experimental scenario, although 
some care should be used to extrapolate from the static 
magnetic susceptibility x to 1/TT\. 

It is clear however that additional ingredients are re- 
quired to be taken into account for a quantitative analysis 
of the experimental data of T c vs. induced disorder. In 
particular the discussion in terms of two separated a and 
7r bands is expected to be a poor description for the su- 
perconducting properties of a complex multiband system 
as MgB2. On this basis we conclude that further investi- 
gation is needed to account in a fully satisfactory way for 
the anomalous dependence of T c on the amount disorder. 
On the other hand the reduction of the spin susceptibility 
upon disorder and non magnetic impurities in MgB2 could 
be qualitatively understood within the present analysis. In 
paricular our results suggest that a primary role could be 
played by the small Fermi energy effects driven in MgB2 
by the closeness of the chemical potential to the top of 
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Fig. 5. (a) Reduction of T c (left panel) and \ (right panel) as 
function of 7i mp for the cases (A = 1.0, loq/Ey = 0.2, I = 0.2) 
and (A = 0.2, ujo/Ef = 0.02, / = 0.2), qualitatively represen- 
tative respectively of the a and tt bands in MgE>2. Different 
lines corresponds to different Q c 's (from the bottom to the 
top in left panel, from the top to the bottom in right panel): 
Q c = 0.1,0.3,0.5,0.7,0.9. (b) Corresponding plot of T c vs. x 
as varying 7i mp (7im P = at the left end, 7i mp = 0-5u>o at the 
right end) for (A = 1.0, uj /E f = 0.2, I = 0.2). Different values 
of Q c are reported as in the previous captions. 



the a band. In this framework the different behaviour of 
B and Mg NMR data receives a natural explanation. 

Interesting perspectives are also opened in regards to 
the fullerene based materials. The analysis is indeed sim- 
plified in these compounds as a single Fermi energy is 
present. The extreme smallness of Ep is fullcrcncs (Ep ~ 
0.25 eV) suggests that disorder or nonmagnetic impurity 
effects could lead to even more marked reduction of T c 
and x than in MgB2. A suppression of T c upon induced 
disorder as previously been reported in Ref. H At our 
knowledge no measurements of magnetic susceptibility as 
function of disorder or impurity amount as been at the 
present performed. Experimental work along this line is 
thus encouraged. 
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